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Abstract
We discuss a new mechanism which can be responsible for the origin of the primordial perturbation in
inflationary models, the inhomogeneous DBI reheating scenario. Light DBI fields fluctuate during
inflation, and finally create the density perturbations through modulation of the inflation decay
rate. In this note, we investigate the curvature perturbation and its non-Gaussianity from this new
mechanism. Presenting generalized expressions for them, we show that the curvature perturbation
not only depends on the particular process of decay but is also dependent on the sound speed cs from
the DBI action. More interestingly we find that the non-Gaussianity parameter fNL is independent
of cs. As an application we exemplify some decay processes which give a viable and detectable
non-Gaussianity. Finally we find a possible connection between our model and the DBI-Curvaton
mechanism.
PACS numbers:
I. INTRODUCTION
To account for the density perturbation which seeds the structure of the observed universe, the inflationary
paradigm[1] is a promising candidate. In this picture, the universe went through an accelerated expansion in the
very early period. This scenario predicts that the inflaton field φ rolls downs its potential with quantum fluctuations
superimposed which lead to density perturbations. However it is important to investigate alternatives to this simple
scenario.
Recently more and more evidence from observations of cosmic microwave background (CMB) anisotropies favors
that the primordial density fluctuations (PDF) are almost Gaussian, Scale invariant, and adiabatic [2, 3]. And,
according to many works [5–15, 17–19], light scalar fields merit attention to investigate their role as candidates for
explaining the origin of the PDF. Such light scalar fields generally exist in extensions of the standard model of
particle physics, which motivates some alternatives. One is the curvaton scenario [5–10], in which the final curvature
perturbations are produced from an initial isocurvature perturbation associated with the quantum fluctuations of
a light scalar field other than the inflaton, the curvaton, whose energy density is negligible during inflation. The
curvaton isocurvature perturbations are transformed into adiabatic ones when the curvaton decays into radiation well
after the end of inflation. Another is the inhomogeneous/modulated reheating scenario [11–16]. This supposes that
the decay rate Γ of the inflaton varied in space due to a dependence on a light field, and density perturbations would
be generated during reheating independently of those generated by the standard inflationary mechanism. In these
two scenarios the light scalar fields, not the inflaton, are responsible for the primarily density perturbations. The
inflaton just serves to drive and end inflation, and under this assumption the constraints on inflation are considerably
lessened. By introducing these light scalar fields one also finds that primordial non-Gaussianity can be very large
compared to the single inflaton models. In curvaton models the non-linear parameter fNL ∼ 5/4r where r is a small
coefficient [8–10]; and inhomogeneous/modulated reheating models suggest fNL ∼ O(1) [11, 13, 15] or larger given
particular decay processes, see Refs [17–20].
Cosmological modellers have paid attention recently to the DBI field as an alternative to a canonical field. Some
earlier works, Refs.[21–27], have discussed cosmology using a DBI field, and with this interesting source some results
are different from those obtained in Refs. [28–32]. So far only the ordinary light scalar fields were discussed in inho-
mogeneous reheating, therefore in this note, we focus on the inhomogeneous(modulated) reheating models specifically
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2involving DBI fields. As a toy model to reheat the universe, we assume that the DBI fields can dominate the decay
rate. With the variation of the decay rate, the fluctuations can be generated after inflation.
II. BASIC MECHANISM
To reheat the universe, in the scenario of Ref.[12] the inflaton couples with ordinary particles. When the inflaton
decays, the decay rate has the form Γ ∼ λ2m, where λ is a stochastic variable and m is the mass of the inflaton.
Assuming λ is a function of the scalar fields in the theory, contrary to the standard scenario, the fluctuations in this
new scenario are determined by the fluctuations of the decay rate Γ and not the inflaton field φ. This means that when
two places have a different decay rate, the cosmological evolution in these regions will undergo different processes and
eventually result in density perturbations when reheating finishes. Finally, the density perturbations are
δǫrad
ǫrad
∝ δλ
λ
∝ δΓ
Γ
(1)
where we find the fluctuations in Γ are transferred into density perturbations. More detailed discussions can be found
in Ref.[12].
In our model, which is motivated by Refs.[12] and [33], we consider the decay rate to be determined by a DBI field.
According to these two papers, we know the light fields are expected to provide a considerable perturbation, and in
Ref.[33] we can see that light DBI-fields lead to a different and larger curvature perturbation. We also get a factor
f equiNL which is determined by the sound speed cs, which gives a sizable non-Gaussianity.
Expecting to get further understanding of origin of perturbations after inflation, we propose the decay rate to be
determined by the DBI field in the scenario of inhomogeneous reheating. To investigate the relationship between the
decay rate and the light fields, we generalize Γ to a form Γφ(σ) ≡ f(σ) where the subindex φ denotes the inflation
era, and σ is the light DBI field. In general Γ varies with the space-time location.
For further discussions, it is necessary to quote some results from Ref.[33], which described the DBI curvaton
scnario and which gives the fluctuations of the light scalar field σ, curvature perturbation ζ and its non-Gaussianity
parameter fNL.
δσ =
√
cs
H∗
2π
(2)
ζ ∼ h,σ
h
1
c
3/2
s
H∗
12π
(3)
fNL ≃ 5
2
[
3(1− c2s)3
(1− 3c2s)2
+
4h
h2,σ
(
h,σσ
2
− h
2
,σ
h
)
c4s(1− c2s)
1− 3c2s
]
(4)
Here the sound speed cs is defined as cs =
√
1− 2h(σ)X, X ≡ − 12gµν∂µσ∂νσ− 12gµν∂µφ∂νφ in which φ plays the role
of an inflaton field while σ is the DBI field, and h(σ) is the warping factor. We stress the amplitude of the curvature
perturbation, and more detail can be found in Ref.[33].
Before discussing the parameters which describe the properties of cosmological evolution, such as curvature pertur-
bations and the non-linear parameter fNL, we can expand the decay rate to second order
Γ = Γ∗ + δ
(1)Γ +
1
2
δ(2)Γ
= f(σ∗) + f
′(σ∗)δσ +
1
2
f ′′(σ∗)(δσ)
2 (5)
Here ′ denotes the derivative with respective to the DBI-field σ, and H∗ and Γ∗ represent the Hubble parameter
during inflation and the homogeneous value of the decay rate respectively.
Now, let’s look at the general representation of the curvature perturbation. Refs.[11, 13, 34–36] show that the
curvature perturbation ζ can be expressed by the fluctuations of the decay rate, δΓ/Γ∗
ζ = −α log Γ
Γ∗
= −αδΓ
Γ∗
(6)
where the coefficient α can be determined by the quantity Γ∗/H∗. Ref.[12] proved that during the inflation era, in
the limit Γ∗/H∗ → 0, α = 1/6. Substituting Eq.(5) into Eq.(6), we can get the curvature perturbation in the linear
3approximation
ζ = −√cs f
′(σ∗)
f(σ∗)
H∗
12π
(7)
Note that the final curvature perturbation in this scenario depends not only on the sound speed cs but also on the
ratio f ′/f which comes from the details of the decay process. They will be discussed in detail in the following sections.
III. NON-GAUSSIANITY
Let’s now focus on the degree of non-Gaussianity. During inflation, both φ and σ are slowly rolling. It is known that
the non-Gaussianity of ζ coming from the intrinsic non-Gaussianities of δφ∗ and δσ∗ is far below the observational
sensitivity. Hence we can treat δφ∗ and δσ∗ as uncorrelated Gaussian random fields with the same amplitude, see
Ref. [19] and references therein.
As we know, the standard inflationary scenario predicts the degree of non-Gaussianity with fNL ∼ tilt of the
perturbation spectrum [34–36]. By contrast, in the curvaton scenario, significant non-Gaussianities are easily produced
because the curvaton density is proportional to the square of the curvaton [10], giving fNL ∼ 5/4r. Some recent works
related to DBI fields also give larger positive non-Gaussianities [37, 38] and some related topics have been discussed
in the isocurvaton scenario [39]. Non-Gaussianity in models where density perturbations are produced by spatial
fluctuations in the decay rate of the inflaton have been discussed in Refs. [11, 13]. They show that fNL ∼ few , which
is larger than that coming from the inflation model, and possibly accessible to future observations.
The current observational data −10 < f localNL < 74 [3, 4] permits the primordial non-Gaussianity to be large. In the
case of a low energy scale, however, we can safely ignore the contribution of inflaton φ∗ to the non-Gaussianities, and
we just consider the rest of the light scalar fields which are mainly responsible for the generation of non-Gaussianities.
To calculate the local form of non-Gaussianity, for simplicity we assume there is only one DBI field. With the
definition of fNL appearing in Ref. [34–36] (and references therein) it corresponds to
ζ = ζg − 3
5
fNL(ζg)
2 (8)
where the coefficient fNL
1 represents the non-Gaussianity parameter of the curvature perturbation. Looking back
to Eq.(7) up to second order, it gives
ζ = −1
6
{
f ′(σ∗)
f(σ∗)
δσ +
1
2
[
f ′′(σ∗)
f(σ∗)
−
(
f ′(σ∗)
f(σ∗)
)2]
(δσ)2
}
(9)
Comparing with Eq.(9) and Eq.(8), we get the parameter as the function of f(σ) and its first and second order
derivatives,
fNL = 5
f ′′(σ∗)
f(σ∗)
−
(
f ′(σ∗)
f(σ∗)
)2
(
f ′(σ∗)
f(σ∗)
)2 = 5
(
f(σ∗)f ′′(σ∗)
f ′2(σ∗)
− 1
)
(10)
Similar results are presented in Ref.[19]. We find that the precise value of fNL depends on specific models, but very
large non-Gaussianity |fNL| ≫ 1 is obtained when
∣∣∣ f(σ∗)f ′′(σ∗)f ′2(σ∗)
∣∣∣≫ 1 is satisfied. Detailed discussions are given in the
following section.
IV. DISCUSSION
A. Observable Parameters
As mentioned above, we have found some results which differ from previous works. From Eq.(7), we can see that
the curvature perturbation becomes P1/2ζ ∼
√
cs
12pi
H∗
M∗
; here M∗ is the mass scale during reheating. In the inflationary
1 Note: In Refs. [40] and most other papers, the formula ζ = ζg + 3/5fNL(ζg)
2 is used, but here we take the opposite sign for fNL. The
conventions can be linked by taking fNL = −fNL.
4background, gravitational waves can be predicted as the tensor fluctuation P1/2T ∼ 1pi H∗Mpl .
(1) At first glance, due to the existence of the sound speed the primordial curvature perturbation, ζ in Eq.(7), can
be suppressed by the term
√
cs, but we also note that the detailed decay process plays a significant role in determining
the final value of the curvature perturbation.
(2) Considering the ratio r of tensor to scalar, here in our model it is given by
r =
PT
Pζ ∼ 10
2 1
cs
f2
M2plf
′2 (11)
Like any linear approximation, in expanding we assume that the decay process has the form of f(σ) ∝ (1+ϑσ/M+ ...)
(similarly see Refs.[12, 19]), where ϑ is small, and M (by ignoring subindex ∗) is a dimensional parameter representing
the mass scale for reheating after inflation ending, and mσ < M < Mpl. If we use r < 0.36(95%CL) from 7-year
WMAP limit in the Ref.[3], then we should impose f ′/f ∼ ϑ/M∗, so that M∗ ∼ ϑ√csMpl × 10−3. This means that
for very small cs, we can get the mσ ≪Mpl which is assumed in the beginning of our consideration.
(3) Contrary to the standard inhomogeneous reheating scenario of Ref.[12], in our model the created fluctuations
are of order
√
csH∗
f ′
f ∼ ϑ
√
cs
H∗
M∗
. The relation between the slope of the power spectrum of density perturbations and
the inflaton potential in various scenarios is,
n− 1 =
d ln
(
(f ′/f)2csH2
)
d ln a
in our model
n− 1 = d lnH
2
d ln a
standard inhomogeneous reheating
n− 1 = d lnH
2/ǫ
d ln a
standard inflation scenario (12)
Our result is different from both Ref.[12] and the standard inflationary scenario.
Discussing the spectral index explores to what degree the decay process and the warp space contribute to it. With
cs =
√
1− 2Xh(σ) and its derivative with respective to DBI field σ, i.e. c′s = (c
2
s−1)
2cs
h′(σ)
h(σ) , then we obtain
n− 1 = d lnH
2
∗
d ln a
+
[
c2s − 1
2c2s
h′(σ)
h(σ)
+ 2
f ′(σ)
f(σ)
(
f(σ)f ′′(σ)
f ′2(σ)
− 1
)]
dσ
d ln a
(13)
where parameter h(σ) represents the warped throat and f(σ) indicates the decay rate. For simplicity for estimating
the contribution to power spectra, we set all h′(σ)/h(σ) and f ′(σ)/f(σ) as proportional to 1/σ for easy estimation.
By doing this, we can combine the second term as
n− 1 ∼ d lnH
2
∗
d ln a
+
[
c2s − 1
2c2s
+ 2
(
f(σ)f ′′(σ)
f ′2(σ)
− 1
)]
d lnσ
d ln a
∼ d lnH
2
∗
d ln a
+
(
c2s − 1
2c2s
+
2
5
fNL
)
d lnσ
d ln a
(14)
(A): if cs ≃ 1, the decay rate surpasses the contribution from the warped throat. From Eq.(13), the effect of the
warp throat is reduced. However, in view of the Lagrangian, the system is just reduced to a canonical one, and can
be rewritten as a usual dynamic system with L = L(X, σ) = − 12∂µσ∂µσ − V (σ).
(B): if cs ≪ 1, it is hard to say which contribution affects the whole term more. Because of the warped factor h,
the sound speed cs and the unknown decay process f(σ), the model possesses a lot of freedom, but reheating from a
warped throat is worthy of investigation in future work.
B. Some Specific Examples
Interestingly, from Eq.(10), the non-Gaussianity is independent of the sound speed in our model even though the
curvature perturbation depends on it. This distinguishes from the previous works in DBI field scenario [28, 29, 31, 33]
where the primordial fluctuations and non-Gaussianities are both enhanced by a low sound speed. Here the non-
Gaussianities only depend on the specific decay process.
We wish to know whether a particular decay process exists to generate a large curvature perturbation and also
non-Gaussianities. Let’s consider some specific toy models able to produce detectable density perturbations and large
non-Gaussianity.
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FIG. 1: (Left) Plot of the ratio ℜ = Pζ/P∗, where P∗ indicates the scale-invariant power spectrum P∗ =
(
H∗
2pi
)2
. (Right)
non-Gaussianity of perturbation. The plots show that the amplitude of fNL is of O(1) , even though σ ≪M . There, the mass
scale for M is lower than inflaton scale H∗.
(1) We assume that the decay process is described by f(σ) ∼
(
1 + 6 log (1 + σ/M)
)−1
. Here M is a mass scale
during reheating, which is less than H∗.
In this case with Fig.1, we find ζ ∼
√
cs
(1+6 log(1+σ/M))(1+σ/M) and fNL =
35
6 +5 log(1+σ/M). From the plot on the left
hand side, when the speed of DBI field σ reaches its relativistic limit, which means the sound speed cs approaches zero,
we get the curvature perturbation converted from the fluctuation of σ to be zero. If the sound speed is approaching
1, meaning corresponding to a canonical system, the curvature perturbation can be of order P∗. However the ratio
ℜ is less than 1, from the left plot, generally the curvature perturbation of the DBI field through decaying process is
suppressed by cs, even if the DBI field has a large mass scale.
We can see the non-Gaussianity from the plot on the right hand side. It is independent of the sound speed cs. It
is possible to obtain a large non-Gaussianity, being of O(10), if we place suitable coefficients in the decay rate.
(2) If we take for example the form of (1− λσ/M)−1/n, we could get fNL ∼ O(1 ∼ 10) or more. Here λ is just a
sign which is used to determine the curvature perturbation together with the power n, while M is a mass scale during
reheating.
FIG. 2: Different shapes of the ratio ℜ =
Pζ
P∗
with n > 0 (Left) and n < 0 (Right). Here we place n = 1. When |n| is larger
than one, the perturbation will be more flat.
In Fig. 2, we notice the curvature perturbations have different shapes in case with different n and the sound speed
cs overall. The figures show that the perturbations are smoothed in different parametric regions. The non-Gaussianity
fNL of these types of perturbation has the same shape, with fNL ≡ 5n regardless of the sign of n, even given the
different cs.
If cs ∼ 0, the curvature perturbation approaches zero too. When cs gets larger, we can find the possibility of
generating a detectable perturbation when n > 0 (in the left figure). In contrary, when n < 0 (in the right figure), it
might not easy to detect the curvature perturbation which is converted from the DBI field during the decay period.
6V. SUMMARY AND OUTLOOK
In this note we proposed a variant on the inhomogeneous reheating model, in which the decay rate of the inflaton is
determined by DBI fields. During inflation, the light DBI fields fluctuate and dominate the final density perturbations
through the modulated inflaton decay rate. We gave the general expression for the curvature perturbations and non-
Gaussianity for this model. The decay rate of the inflaton played an important role in determining their final value.
By presenting the generalized expressions for them we showed that the curvature perturbation ζ ∼ √cs f
′
f depends
not only on the particular process of decay but also on the sound speed cs from the DBI action. Apparently it is
suppressed by sound speed, but due to the uncertain process of decay there will be other possible outcomes. Moreover
the non-Gaussianity in our model is independent of cs no matter that ζ depends on it. As discussed in this article, we
find the non-linear parameter fNL is independent of the sound speed cs and large non-Gaussianity can be obtained
if
∣∣f ′′f/f ′2∣∣ ≫ 1 is satisfied. As an application we exemplify some kinds of decay process leading to a detectable
non-Gaussianity, fNL of O(1 ∼ 10) which is compatible with observational data.
As a byproduct and outlook, comparing Eq.(7) with Eq.(3), we can rewrite them as ζDBIinhomo ∼ −ϑi and ζDBIcurvaton ∼
1
c2s
ϑc where we define two factors respectively for the above two quantities ϑi ≡ √cs f
′(σ∗)
f(σ∗)
and ϑc ≡ √cs h
′(σ∗)
h(σ∗)
.
If we consider a tachyon condensation, as discussed in Ref.[33], where the DBI-Curvaton has this kind of exit
mechanism rather than oscillation as in usual curvaton model, then the universe can be instantly reheated. However,
we presume that in a warped throat, in which a space-time has a strong compactification, that the motion of DBI
fields σ or the D-brane itself could be assumed to decay once the inflation ends. Due to the fields having a velocity
limit in a D-brane, which could be interpreted by the sound speed cs in DBI action, it is interesting to bridge the decay
process and the warp throat with the sound speed, namely f(σ) ≃ h(σ)c2s. Then we may find that the DBI-Curvaton
is a special case in the context of this model if there should exist a decay process in the form of f(σ) ≃ h(σ)c2s in
a warped throat. To investigate the inhomogeneous reheating mechanism concerning a warped throat is a valuable
direction for future work, although many works have been done in the context of a throat [41–48].
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